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(54) Sheet metal formed with spaced projections and manufacturing method of the same 



(57) A sheet metal (10) formed thereon with a 
number of spaced projections (1 2), wherein the projec- 
tions are formed by the steps of positioning the sheet 
metal between a female die (22) formed with a number 
of spaced recesses (22b) at one surface thereof and a 
male die (21) formed with a concavity (21b) to be cou- 
pled with the female die and a number of spaced pro- 
jections (21c) located at the bottom of the concavity to 
correspond with the recesses of the female die and 
pressing the sheet metal under existence of hydraulic 
fluid between the sheet metal and the concavity of the 
male die. 
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Description 

[0001] The present invention relates to a sheet metal 
formed thereon with a number of spaced projections (for 
example, suitable for use as a separator in fuel batter- 5 
ies) and a manufacturing method of the same. 
[0002] There has been provided a sheet metal of less 
than 0.5 mm in thickness formed thereon with a number 
of spaced projections each of 2 — 3 mm in diameter 
and 0.4 — 0.6 mm in height and spaced in distance of io 
2 — 5 mm. In a manufacturing process of the sheet met- 
al, as disclosed in Japanese Patent Laid-open Publica- 
tion 11-167927, a sheet metal of stainless steel, alumi- 
num or copper is placed between upper and lower dies 
in the form of male and female dies and pressed by a is 
half die cutting to form the spaced projections thereon. 
In the pressing process, a minimum space between the 
dies In a closed condition is set to become equal to the 
thickness of the sheet metal. 

[0003] In the sheet metal pressed by the half die cut- 20 
ting, there will occur cracks in the sheet metal and shear 
drops at each shoulder or root of the projections. In ad- 
dition, the sheet metal warps in entirety due to reaction 
after the pressing process. For this reason, it is very dif- 
ficult to enhance the yield of the sheet metal in a reliable 25 
manner. 

[0004] It is, therefore, a primary object of the present 
invention to provide a sheet metal formed thereon with 
a number of spaced projections and a manufacturing 
method of the same capable of forming the spaced pro- 30 
jections without causing any crack and warp and any 
shear drops at each shoulder and root of the projections 

described above. . 

[0005] According to the present invention, the object 
is accomplished by providing a sheet metal formed ther- 35 
eon with a number of spaced projections, wherein the 
projections are formed by the steps of positioning the 
sheet metal between a female die formed with a number 
of spaced recesses at one surface thereof and a male 
die formed with a concavity to be slidably coupled with 40 
the female die and a number of spaced projections lo- 
cated at the bottom of the concavity to correspond with 
the recesses of the female die and pressing the sheet 
metal under existence of hydraulic fluid between the 
sheet metal and the concavity of the male die. 45 
[0006] According to an aspect of the present inven- 
tion, there is provided a manufacturing method of a 
sheet metal formed thereon with a number of spaced 
projections in use of a hydraulic press machine having 
an upper die in the form of a female die formed with a so 
number of spaced recesses at the bottom surface there- 
of and a lower die in the form of a male die formed with 
a concavity to be slidably coupled with the female die 
and a number of spaced projections located at the bot- 
tom of the concavity to correspond with the recesses of 55 
the female die, comprising the steps of positioning a 
sheet metal on an upper end surface of the lower die in 
such a manner as to prevent entry of the air into the 



concavity of the lower die in a condition where the con- 
cavity has been filled with hydraulic fluid; moving down 
a blank holder placed at the outer circumference of the 
upper die to fixedly retain the sheet metal in position on 
the upper end surface of the lower die; moving down the 
upper die in a condition where hydraulic pressure be- 
tween the concavity of the lower die and the sheet metal 
is maintained at a high pressure and inserting the upper 
die into the concavity of the lower die until it arrives at a 
position slightly higher than a lower dead point; and 
moving down the upper die in a condition where the hy- 
draulic fluid is discharged from the concavity of the lower 
die and inserting the upper die into the concavity of the 
lower die until it arrives near the lower dead point. 
[0007] According to another aspect of the present in- 
vention, there is provided a manufacturing method of a 
sheet metal formed thereon with a number of spaced 
projections in use of a hydraulic press machine having 
an upper die in the form of a male die formed with a 
concavity and a number of spaced projections located 
at the bottom of the concavity and a lower die in the form 
of a female die formed at the upper surface thereof with 
a number of spaced recesses corresponding with the 
projections of the male die and placed to be slidably cou- 
pled within the concavity of the male die, comprising the 
steps of positioning a sheet metal on an upper end sur- 
face of the lower die; moving down a blank holder placed 
at the outer circumference of the upper die to fixedly re- 
tain the peripheral portion of the sheet metal in position 
on the upper end surface of the lower die; moving down 
the upper die and retaining the upper die in engagement 
with the sheet metal; supplying hydraulic fluid into the 
concavity of the upper die in such a manner as to pre- 
vent entry of the air into the concavity of the upper die 
in a condition where the concavity has been filled with 
hydraulic fluid; raising the lower die in a condition where 
hydraulic pressure between the concavity of the upper 
die and the sheet metal is maintained at a high pressure 
and inserting the lower die into the concavity of the up- 
per die until it arrives at a position slightly lower than an 
upper dead point; and raising the lower die In a condition 
where the hydraulic flu id is discharged from the concav- 
ity of the upper die and inserting the lower die into the 
concavity of the upper die until it arrives near the upper 
dead point. 

[0008] For a better understanding of the present In- 
vention, and to show how the same may be carried into 
effect, reference will now be made, by way of example, 
to the accompanying drawings, in which: 

Fig. 1 is a vertical sectional view of a hydraulic press 
machine used for manufacturing a sheet metal 
formed thereon with a number of spaced projec- 
tions in accordance with the present invention; 
Figs. 2 and 3(a), 3(b) to 5(a) and 5(b) illustrate a 
manufacturing process of the sheet metal in use of 
the hydraulic press machine shown in Fig. 1; 
Fig. 6 is a vertical sectional view of a hydraulic press 
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machine used for manufacturing the sheet metal in 
another embodiment of the present invention; and 
Figs. 7 and 8(a), 8(b) to 1 0(a), 1 0(b) illustrate a man- 
ufacturing process of the sheet metal in use of the 
hydraulic press machine shown in Fig. 6. 

[0009] Illustrated in Fig. 1 of the drawings is a hydrau- 
lic press machine 20 used in a preferred embodiment of 
the present invention for manufacturing a sheet metal 
10 shown in Figs. 5(a) and 5(b). The sheet metal 10 is 
in the form of a sheet metal 11 of stainless steel (SUS 
31 6L) of less than 0.5 mm in thickness, which is formed 
thereon with a number of spaced cylindrical projections 
12 each of 2 — 3 mm in diameter and 0.4 — 0.6 mm in 
height and spaced in distance of 2 — 5mm. The projec- 
tions each are slightly tapered from their root to their 
head. 

[0010] As shown In Fig. 1, the hydraulic press ma- 
chine 20 includes a lower die 21 in the form of a male 
die mounted on a press head 23 and an upper die 22 in 
the form of a female die mounted to the bottom of an 
innerslider24.The press machine 20 has a blank holder 
25 placed at the outer circumference of upper die 22 
and an outer slider 26 placed at the outer circumference 
of inner slider 24. The outer slider 26 is liftable and acts 
to lift the blank holder 25. Similarly, the inner slider 24 
is liftable and acts to lift the upper die 22. 
[001 1 ] The body 21 a of lower die 21 has a central por- 
tion formed with a concavity 21 b the bottom of which is 
formed with a number of spaced projections 21c. A hy- 
draulic power unit 27 is connected to the bottom of con- 
cavity 21 b of lower die 21 by way of a fluid conduit 27a. 
The concavity 21b of lower die 21 is formed to corre- 
spond with the upper die 22, and the peripheral wall of 
lower die 21 is positioned to oppose at its upper end 
surface 21 d to the bland holder 25 and to support a 
sheet metal A of stainless steel placed thereon. The 
body 22a of upper die 22 has a bottom portion formed 
with a number of spaced recesses 22b which corre- 
spond with the projections 21c formed on the bottom of 
concavity 21b of lower die 21 . When the inner slider 24 
is moved down, the upper die 22 is coupled within the 
concavity 21 b of lower die 21 . 
[0012] In the following manufacturing process, a 
sheet metal of stainless steel (SUS316L) of 0.2 mm Is 
used as the sheet metal A to manufacture a sheet metal 
formed thereon with a number of projections each of 2.3 
mm in diameter and 0.5 mm in height and equally 
spaced in distance of 2.6 mm — 3.0 mm. At a first step 
of this manufacturing process, the concavity of 21b of 
lower die 21 is supplied with hydraulic fluid from the hy- 
draulic power unit 27 until the liquid surface of hydraulic 
fluid rises up to the upper end surface 21 d of the periph- 
eral wall of lower die 21 . In such a condition, the stain- 
less sheet metal A is placed on the upper end surface 
21 d of lower die 21 as shown in Fig. 1 . In this instance, 
it is preferable that the stainless sheet metal A is coated 
with the hydraulic fluid at its bottom surface to prevent 



entry of the air into a space between the liquid surface 
of hydraulic fluid and the stainless sheet metal A and to 
eliminate the occurrence of air bubbles in the hydraulic 
fluid filled in the concavity 21b of lower die 21 . 
[001 3] At a second step of the manufacturing process, 
the blank holder 25 Is moved down with the outer slider 
26 as shown in Fig. 2 to fixedly retain the peripheral por- 
tion of the stainless sheet metal A in position on the up- 
per end surface 21 d of lower die 21 . At this stace, the 
stainless sheet metal A is applied with hydraulic pres- 
sure of about 140 kgf/cm 2 . At a third step of the manu- 
facturing process, as shown in Fig. 3(a), the upper die 
22 is moved down with the inner slider 24 in a condition 
where the hydraulic pressure between the concavity 
21b of lower die 21 and the stainless sheet metal A is 
maintained at a high pressure. In this instance, as 
shown in Fig. 3(a), the upper die 22 Is Inserted Into the 
concavity 21 b of lower die 21 until It arrives at a position 
slightly higher than a lower dead point, and the hydraulic 
pressure in the concavity 21b of lower die 21 is main- 
tained at about 2000 kgf/cm 2 . In this embodiment, the 
tower dead point of upper die 22 is defined by a position 
where the space between the projections 21c of lower 
die 21 and the recesses 22b of upper die 22 becomes 
substantially equal to the thickness (0.2 mm) of stainless 
sheet metal A when the upper die 22 was completely 
moved down. It is, therefore, preferable that the space 
between the lower and upper dies 21 and 22 becomes 
about 1 .2 mm when the upper die 22 was inserted into 
the concavity 21b of lower die 21. Thus, as shown in 
Fig. 3(b), the stainless sheet metal A is formed with a 
number of spaced projections 12a. 
[001 4] At a fourth step of the manufacturing process, 
the hydraulic power unit 27 is deactivated, and the fluid 
conduit 27a is connected to a fluid reservoir (not shown) 
to discharge the hydraulic fluid from the concavity 21b 
of lower die 21 . Thereafter, the upper die 22 is further 
moved down with the inner slider 24 to discharge the 
hydraulic fluid remained between the concavity 21b of 
lower die 21 and the stainless sheet metal A. In this in- 
stance, as shown in Fig. 4(a), the upper die 22 is insert- 
ed into the concavity 21 b of lower die 22 until it arrives 
at near the lower dead point. It is preferable that the 
space between the lower and upper dies 21 and 22 be- 
comes about 0.5 mm when the upper die 22 was Insert- 
ed into the concavity 21b of lower die 21 as described 
above. At this stage, the stainless sheet metal A is 
pressed under existence of the hydraulic fluid between 
the projections 21 c of lower die 21 and the recesses 22b 
of upper die 22 so that the projections 12a of stainless 
sheet metal A are reformed in the form of a number of 
spaced projections 12b as 6hown in Fig. 4(b). At a fifth 
step of the manufacturing process, the upper die 22 is 
moved down with the inner slider 24 in a condition where 
the hydraulic fluid was fully discharged from the concav- 
ity 21b of lower die 21. In this instance, as shown in Fig. 
5(a), the upper die 22 is inserted into the concavity 21b 
of lower die 21 until it arrives at the lower dead point. At 
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this final stage, the projections 12b of stainless sheet 
metal A are pressed again and deformed in the form of 
projections 12 as shown in Fig. 5(b). Thus, the sheet 
metal 1 0 formed with the spaced projections 1 2 is man- 
ufactured. 5 
[001 5] As in the manufacturing process, the stainless 
sheet metal is pressed under existence of the hydraulic 
fluid between the lower and upper dies 21 and 22 and 
deformed under pressure in a condition where the hy- 
draulic fluid is successively discharged at two steps, the io 
stainless sheet metal A can be formed with the spaced 
projections 12 without causing any crack and warp and 
shear drop at each shoulder and root of the projections. 
[0016] Illustrated in Fig. 6 is a hydraulic press ma- 
chine 20A used in another embodiment of the present w 
invention for manufacturing a separator In the form of a 
sheet metal adapted for use in fuel batteries. In the hy- 
draulic press machine 20A, only a lower die 28 Is re- 
placed with the lower die 21 of the press machine 20 
shown in Fig. 1 . The lower die 28 of the press machine 20 
20A is composed of a stationary lower die 28a and a 
movable die 28b. The movable die 28b is provided with 
a number of spaced columnar portions 28c which are 
slidably coupled with the corresponding through holes 
in the bottom portion of stationary die 28a in such a man- 25 
ner that each head of the columnar portions 28c is pro- 
jected into the bottom of concavity 28d of stationary low- 
er die 28a. The movable die 28b is arranged to be raised 
by operation of a hydraulic cylinder 28e. When the mov- 
able die 28b is raised toward the stationary lower die 30 
28a, the heads of columnar portions 28c are projected 
In a predetermined height from the bottom of concavity 

28d of stationary lower die 28a as shown in Figs._8(b) 

and 9(b) and positioned as in the projections 21c of low- 
er die 21 in the press machine shown in Fig. 1 . In this 35 
embodiment, the lower dead point of the upper die 22 
is defined by a position where the space between the 
heads of columnar portions 28c projected from the bot- 
tom of concavity 28d and the recesses 22b of upper die 
22 becomes substantially equal to the thickness (0.2 *o 
mm) of stainless sheet metal A when the upper die 22 
was completely moved down. Other component parts 
and construction of the press machine 20A are substan- 
tially the same as those of the press machine 20 shown 
in Fig. 1 . Thus, the same component parts and portions 45 
as those of the press machine 20 are designated by the 
same reference numerals as those in Fig. 1 . 
[0017] At a first step of a manufacturing process of the 
sheet metal in this embodiment the concavity 28d of low- 
er die 28 is supplied with hydraulic fluid from the hydrau- so 
lie power unit 27 until the liquid surface of hydraulic fluid 
rises up to the upper end surface of 28f of the peripheral 
wall of stationary lower die 28a. In such a condition, the 
stainless sheet metal A is placed on the upper end sur- 
face of the peripheral wait of stationary lower die 28a as 55 
shown in Fig. 6. In this instance, it is preferable that the 
stainless sheet metal A is coated with the hydraulic fluid 
at its bottom surface to prevent entry of the air into a 
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space between the liquid surface of hydraulic fluid and 
the bottom of stainless sheet metal A and to eliminate 
the occurrence of air bubbles in the hydraulic fluid filled 
in the concavity 28d of stationary tower die 28a. 
[0018] At a second step of the manufacturing process, 
the blank holder 25 is moved down with the outer slider 
26 as shown in Fig. 7 to fixedly retain the peripheral por- 
tion of the stainless sheet metal A in position on the up- 
per end surface 28f of stationary lower die 28a. At this 
stage, the stainless sheet metal A is applied with pres- 
sure of about 140 kgf/cm 2 . At a third step of the manu- 
facturing process, the upper die 22 Is moved down with 
the inner slider 24 in a condition where the hydraulic 
pressure between the concavity 28d of stationary lower 
die 28 and the stainless sheet metal A is maintained at 
a high pressure. In this instance, as shown in Fig. 8(a), 
the upper die 22 is Inserted Into the concavity 28d of 
stationary lower die 28a until It arrives at a position 
slightly higher than the lower dead point, and the hy- 
draulic pressure in the concavity 28d of stationary lower 
die 28a is maintained at about 2000 kgf/cm 2 . At this 
stage, it is preferable that the space between the lower 
and upper dies 28 and 22 becomes 1 .2 mm when the 
upper die22 was inserted into the concavity 28d of sta- 
tionary lower die 28a, Thus, as shown in Fig. 8(b), the 
stainless sheet metal A is formed with a number of 
spaced projections 12a. 

[0019] At a fourth step of the manufacturing process, 
the hydraulic power unit 27 is deactivated, and the fluid 
conduit 27a is connected to a fluid reservoir (not shown) 
to discharge the hydraulic fluid from the concavity 21b 
of lower die 21 . Thereafter, the movable die 28b is raised 
in a predetermined amount by_operation.of.the hydraulic 
cylinder 28e in a condition where the hydraulic fluid re- 
mained between the concavity 28d of stationary lower 
die 28a and the stainless sheet metal A is discharged. 
In this instance, as shown in Fig. 9(a), the heads of co- 
lumnar portions 28c of movable die 28b are projected 
from the bottom of concavity 28d of stationary lower die 
28a, and the upper die 22 is inserted into the concavity 
28d of stationary lower die 28a. It is preferable that the 
space between the lower and upper dies 28 and 22 be- 
comes 0.5 mm when the upper die 22 was Inserted into 
the concavity 28d of lower die 28 as described above. 
At this stage, the stainless sheet metal A is pressed un- 
der existence of the hydraulic fluid between the heads 
of columnar portions 28c of movable die 28b and the 
recesses 22b of upper die 22 so that the projections 1 2a 
of stainless sheet metal A are reformed in the form of a 
number of spaced projections 1 2b as shown in Fig. 9(b). 
[0020] At a fifth step of the manufacturing process, the 
upper die 22 is moved down with the inner slider 24 in 
a condition where the hydraulic fluid was fully dis- 
charged from the concavity 28d of stationary lower die 
28a. In this instance, as shown in Fig. 10(a), the upper 
die 22 is inserted into the concavity 28d of lower die 28a 
until it arrives at the lower dead point. At this final stage, 
the projections 12b of stainless sheet metal A are 
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pressed again and deformed in the form of spaced pro- 
jections 1 2 as shown in Fig. 1 0(b). Thus, the sheet metal 
formed with the spaced projections 12 is manufactured. 
[0021] As in the manufacturing process, the stainless 
sheet metal is pressed under existence of the hydraulic s 
fluid between the lower and upper dies 28 and 22 and 
deformed under pressure in a condition where the hy- 
draulic fluid is successively discharged at two steps, the 
stainless sheet metal A can be formed with the spaced 
projections 1 2 without causing any crack and warp and 10 
any shear drops at each shoulder and root of the pro- 
jections. 

[0022] In a practical embodiment of the present inven- 
tion, the lower die 21 or 28 In the hydraulic press ma- 
chine 20 or 20A may be replaced with the upper die 22, » 
while the upper die 22 may be replaced with the lower 
die 21 or 28. In such a case, the air is exhausted from 
a space between the sheet metal and the concavity of 
the upper die in a condition where the sheet metal has 
been fixedly retained by the upper and lower dies, and 20 
the hydraulic fluid is supplied into the space in such a 
manner as to prevent entry of the air into the concavity 
of the upper die in a condition where the concavity has 
been filled with the hydraulic fluid. 



Claims 

1. A sheet metal formed thereon with a number of 
spaced projections, wherein the projections are so 
formed by the steps of positioning the sheet metal 
between a female die formed with a number of 
spaced recesses at pne^rfacejhereofjand a male 

die formed with a concavity to be coupled with the 
female die and a number of spaced projections lo- 35 
cated at the bottom of the concavity to correspond 
with the recesses of the female die and pressing the 
sheet metal under existence of hydraulic fluid be- 
tween the sheet metal and the concavity of the male 
die. 40 

2. A sheet metal formed thereof with a number of 
spaced projections as claimed in claim 1, wherein 
the thickness of the sheet metal is 0.5 mm, and the 
projections of the sheet metal each are in the form & 
of a projection of 2 — 3 mm in diameter and 0.4 — 

0.6 mm in height and spaced to one another in dis- 
tance of 2 — 5 mm. 

3. A manufacturing method of a sheet metal formed so 
thereon with a number of spaced projections in use 

of a hydraulic press machine having an upper die 
in the form of a female die formed with a number of 
spaced recesses at the bottom surface thereof and 
a lower die in the form of a male die formed with a 55 
concavity to be coupled with the female die and a 
number of spaced projections located at the bottom 
of the concavity to correspond with the recesses of 



the female die, comprising the steps of: 

positioning a sheet metal on an upper end sur- 
face of the lower die in such a manner as to 
prevent entry of the air into the concavity of the 
lower die in a condition where the concavity has 
been filled with hydraulic fluid; 
moving down a blank holder placed at the outer 
circumference of the upper die to fixedly retain 
the sheet metal in position on the upper end 
surface of the lower die; 
moving down the upperdie in a condition where 
hydraulic pressure between the concavity of 
the lower die and the sheet metal is maintained 
at a high pressure and inserting the upper die 
into the concavity of the lower die until it arrives 
at a position slightly higher than a lower dead 
point; and 

moving down the upperdie in a condition where 
the hydraulic fluid is discharged from the con- 
cavity of the lower die and inserting the upper 
die into the concavity of the lower die until it ar- 
rives near the lower dead point. 

4. A manufacturing method of a sheet metal formed 
thereon with a number of spaced projections as 
claimed in claim 3, wherein the upperdie is inserted 
into the concavity of the lower die until it arrives at 
a position higher in 1.0 mm than the lower dead 
point and is further inserted into the concavity of the 
lower die until It arrives at a position higher in 0.5 
mm than the lower dead point. 

5. A manufacturing method of a sheet metal formed 
thereon with a number of spaced projections in use 
of a hydraulic press machine having an upper die 
in the form of a male die formed with a concavity 
and a number of spaced projections located at the 
bottom of the concavity and a lower die in the form 
of a female die formed at the upper surface thereof 
with a number of spaced recesses corresponding 
with the projections of the male die and placed to 
be coupled within the concavity of the male die, 
comprising the steps of: 

positioning a sheet metal on an upper end sur- 
face of the lower die; 

moving down a blank holder placed at the outer 
circumference of the upper die to fixedly retain 
the peripheral portion of the sheet metal in po- 
sition on the upper end surface of the lower die; 
moving down the upper die and retaining the 
upper die in engagement with the sheet metal; 
supplying hydraulic fluid into the concavity of 
the upper die in such a manner as to prevent 
entry of the air into the concavity of the upper 
die in a condition where the concavity has been 
filled with hydraulic fluid; 
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raising the lower die in a condition where hy- 
draulic pressure between the concavity of the 
upper die and the sheet metal is maintained at 
a high pressure and inserting the lower die into 
the concavity of the upper die until it arrives at s 
a position slightly lower than an upper dead 
point; and 

raising the lower die in a condition where the 
hydraulic fluid Is discharged from the concavity 
of the upper die and inserting the lower die into 10 
the concavity of the upper die until it arrives 
near the upper dead point. 

A manufacturing method of a sheet metal formed 
thereon with a number of spaced projections as '5 
claimed in claim 5, wherein the lower die is inserted 
into the concavity of the upper die until It arrives at 
a position lower in 1 .0 mm than the upper dead point 
and is further inserted into the concavity of the up- 
per die until it arrives at a position lower in 0.5 mm 20 
than the upper dead point. 
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Fig.1 
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Fig.3 (a) 
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Fig. 4 (b) 




.21 



9 



EP 1 136 149 A2 

Fig. 5 (a) 
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Fig. 8 (a) 
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Fig. 8 (b) 
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Fig. 9 (a) 
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Fig.10(a) 
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Fig.10(b) 
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(54) Sheet metal formed with spaced projections and manufacturing method of the same 



(57) A sheet metal (10) formed thereon with a 
number of spaced projections (12), wherein the projec- 
tions are formed by the steps of positioning the sheet 
metal between a female die (22) formed with a number 
of spaced recesses (22b) at one surface thereof and a 
male die (21) formed with a concavity (21b) to be cou- 
pled with the female die and a number of spaced pro- 
jections (21c) located at the bottom of the concavity to 
correspond with the recesses of the female die and 
pressing the sheet metal under existence of hydraulic 
fluid between the sheet metal and the concavity of the 
male die. 
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